Abstract-Firms may adjust capital and labor sequentially or simultaneously. In this paper, we develop a structural model of interrelated factor demand subject to nonconvex adjustment costs and estimated by simulated method of moments. Based on Norwegian manufacturing industry plant-level data, parameter estimates reveal cost advantages for adjusting capital and making net changes in labor simultaneously. Factor demand models with fully specified interrelated adjustment costs structures perform best to describe the dynamic panel data.
I. Introduction F IRMS have been observed to adjust the stock of their most productive factors, such as capital and labor, in a lumpy fashion. Thus, they tend to concentrate big changes into short periods, while inaction dominates between these spikes. Such patterns suggest that the smooth adjustment of these important production factors is precluded by nonconvex (e.g., linear or fixed) costs leading to partial irreversibility of factor input decisions.
With a few exceptions, the literature on the irreversibility of production factors has considered separate adjustment of one quasi-fixed production factor alone.
1 However, Hamermesh (1993) observes that one can understand the dynamics of factor demand only if one specifies a full model involving all inputs into production and if one allows the possibility that each is quasi-fixed. In fact, Abel and Eberly (1998) note that the observed lumpy employment pattern may not be caused solely by a fixed-cost component of labor adjustment. They show that lumpy investment behavior may cause simultaneous large employment adjustments in a model where labor is a fully flexible production factor. In line with this result, Bloom (2009) finds that ignoring labor adjustment costs, as is typical in the investment literature, is a reasonable approximation when modeling investment, while a model with labor adjustment costs only, as is typical in the dynamic labor demand literature, is problematic in the sense that the estimated parameters are far away from the true ones found in a model that included both investment and labor adjustment costs. These results indicate that controlling for investment dynamics is important when analyzing the more flexible labor input decisions.
Earlier research on multivariate factor input decisions suggests that the decisions about changing several input factors are mutually dependent. Interrelation was initially addressed using sector-level data in a linear setting by Nadiri and Rosen (1969) . This study was not based on a structural model with adjustment costs, but it inspired others to investigate the issue of interrelated factor demand decisions more deeply. Shapiro (1986) expands on Nadiri and Rosen (1969) and estimates a structural dynamic model of factor demand with interrelation derived from the Euler equations. Galeotti and Schiantarelli (1991) and, more recently, Merz and Yashiv (2007) have studied the topic of interrelation in a framework without nonconvex costs of adjustment. Thus, from these findings, it is hard to learn much about the sources of lumpiness often seen in microdata.
There are substantial inaction observations for both labor and capital adjustments. Recent empirical studies based on microdata by Sakellaris (2004) , Letterie, Pfann, and Polder (2004) , and Nilsen et al. (2009) have indeed revealed that in the context of lumpy adjustment, the dynamics of labor and capital demand are interrelated. In particular, these papers have shown that at the microlevel, investment and labor spikes tend to occur simultaneously. This could result from complementarities in the production process. It may also stem from reduced adjustment costs when adjusting input factors at the same time, making a firm preferring simultaneous adjustment of factor demand decisions (i.e., simultaneity) to sequential changes in inputs (i.e., sequentiality). Of course, the described pattern may also reflect the nature of shocks to the shadow values of the input factors.
The studies by Sakellaris, Letterie et al., and Nilsen et al. are all using nonstructural and explorative approaches to analyze interrelatedness. The advantage of a structural model is that one can determine interrelatedness caused by adjustment costs. These costs are estimated such that specific data moments are matched, allowing for isolation from interrelation caused by the production technology and the nature of shocks.
This paper serves two purposes. First, the consequences of interrelation are investigated theoretically by developing a structural model where adjustments of quasi-fixed input factors involve nonconvex costs. In addition to the nonconvex adjustment costs, the structural model incorporates interrelated adjustment costs that could be either negative (i.e., reduced costs due to simultaneous adjustments) or positive (making sequential decisions less costly). The model deviates from work by Eberly and Van Mieghem (1997) , Dixit (1997) , Abel and Eberly (1998) , and Bloom (2009) in the sense that it allows the possibility that adjustment costs may decrease or increase when the firm decides to adjust two factors simultaneously. The occurrence of simultaneous adjustment depends on the interrelation and especially on the question of whether interrelation adds to the costs of changing inputs or lowers those costs. One reason for the latter case, simultaneity of the two types of adjustments, is when simultaneous adjustment reduces the time and effort to reorganize the firm. One could also think of a case where it would be efficient to implement input changes subsequently, rendering sequential decisions optimal for the firm. For instance, when introducing a new technology, it might be economically reasonable to hire and train new workers prior to investing, such that the new technology becomes productive as soon as possible after installation.
The second purpose of this paper is to obtain estimates of the costs associated with adjusting labor and capital. The model is applied to investigate empirically the dynamics of joint labor and capital demand decisions. Using Norwegian plant-level data covering the manufacturing sector from 1993 to 2005, estimates of the adjustment costs parameters of the model are obtained by employing the simulated method of moments (Cooper & Haltiwanger, 2006; Bloom, 2009) . It is thereby possible to assess whether simultaneous adjustment of labor and capital is economically efficient. Through estimation of various factor demand models, it is assessed whether neglecting interrelation in factor demand influences model performance and biases the estimates of the structural parameters.
The paper proceeds as follows. In section II, we develop the theoretical model. In section III, we discuss the role of fixed costs in relation to the cost of interrelationship. We describe the econometric model in section IV. Section V presents the data. The empirical results are presented in section VI. Finally, section VII concludes.
II. The Model
Consider a firm that uses two production factors (capital K t and labor L t in year t) to produce a nonstorable output.
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The firm's objective function is given by
The term E t indicates that expectations are taken with respect to information available at time t. The discount rate is given by b with 0 < b < 1. The variable w t denotes the wage paid by the firm to a full-time worker. Capital and labor adjustment are denoted by I t and H t , respectively. Sales are given by the expression F A t ; K t ; L t ð Þ , where A t combines randomness in total factor productivity and stochastic demand the firm is facing. Hereafter, A t is referred to as the shock process.
When changing the stock of capital or the number of workers, the firm incurs adjustment costs defined as 
In the adjustment cost function, the indicator function I(.) takes the value 1 if the condition in brackets is satisfied and equals 0 otherwise. The parameter a KL is positive if joint adjustment is costly. This is the case when additional resources are required for a joint adjustment due to more time spent on training or on additional management to reorganize the company. On the other hand, a KL will be negative in cases where a simultaneous adjustment strategy will give the firm a cost advantage. A positive a KL will, all other things equal, cause the likelihood of sequential adjustments to increase, indicating a relatively high serial correlation in factor demands, while a negative a KL will cause the likelihood of simultaneous adjustments to increase, indicating a relatively low serial correlation in factor demands.
The specification allows for nonconvexity, and the adjustment costs in this framework are recognized as a mix of different structures. The prices of the input factors are expressed as p I t and p H t .
3 These prices may include both the purchase price and linear adjustment costs. 4 The firm decides on the optimal size of the capital stock, K tþ1 , by setting investment I t at the appropriate level and, correspondingly, the amount of labor, L tþ1 , by choosing the optimal-level labor adjustment H t . Capital and labor evolve according to the law of motion, 2 The data used for this paper concern plant-level observations. In the remainder of this paper, the terms firm and plant will be used interchangeably.
3 A parsimonious specification is chosen for equation (2) . Fixed-cost parameters are given by a K and a L and are assumed to be independent of whether the inputs are positive or negative. 4 Note that with a mean-reverting shock process and because the production functions are identical across production units, there is a limited spread in the sizes of plants in the simulated data. Hence, scaling of fixed costs by plant size is of little importance for the estimation outcomes. In the remainder of this paper, the terms a K , a L , and a KL are referred to as fixed costs. 
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Similar to Abel and Eberly (1994, 2002) , the optimal factor demand adjustments are
Due to the presence of fixed costs of adjustment, the firm will not always follow the decision rules presented in equation (5). Sometimes it may be optimal to abstain from adjusting capital or labor. The threshold values for the shadow values k K t and k L t can be derived by finding the value for which a change in I t and or H t generates nonnegative profits. The equation determining whether to change the stock of capital and or to adjust labor is
The left-hand side of equation (6) measures the expected benefits of changing capital or labor, or both, whereas the right-hand side denotes the cost associated with the firm's decisions. 7 Using equation (5), it can be shown that equation (6) holds if 1
To solve the optimization problem of the firm, the conditions necessary for various adjustment decisions are derived.
III. Factor Input Decisions
The firm regards adjusting the stock of capital goods to be desirable if
Necessary conditions for changing the amount of capital and labor are
Equation (8) shows that if the net benefits of adjusting capital and labor do not exceed a certain minimum threshold, the firm decides to abstain from adjusting. These two thresholds are caused by the existence of the fixed adjustment costs a K and a L . Now consider the case where both necessary conditions to adjust capital and labor are satisfied as given in equation (8). Hence, the firm has an incentive to adjust at least one factor of production. However, due to the cost of interrelation, the firm may need to select adjusting only one factor to maximize its objective function. It is optimal to adjust the number of workers rather than the stock of capital if 1
Rearranging and taking the square root, this inequality can be written as
5 It is assumed without any loss of generality that changes in capital and labor materialize with a lag. Furthermore, assuming homogeneous labor, the model does not consider simultaneous hiring and firing. That means that when H t > 0, it denotes hirings, while when H t < 0, H t denotes firings. 6 A derivation of the shadow values is provided in Asphjell et al. (2010) . 7 The expression k
is an approximation of the benefits due to which it is possible to obtain a closed-form solution. In a continuous time framework with one production factor, a similar expression holds exactly. 8 The term 2b L Lt a L is positive given the assumptions about the adjustment costs parameters. Furthermore,
Lt a K is also positive according to equation (8). Thus, the sum of the two terms in the square brackets is positive.
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It is optimal to adjust an additional factor of production (i.e., both factors) if the net benefits associated with that adjustment exceed the fixed costs of that second input (a K or a L ) plus the cost of interrelation a KL . Hence, it is also worth adjusting the stock of capital (given that adjusting labor yields a higher value of the firm if only one input needs to be selected) as soon as
Similarly, labor will also be adjusted (given that changing capital yields a higher firm value if only one input is selected) as soon as
Hence, the boundaries determining when the firm will adjust both factors of production are
Demand for both factors is nonzero if the benefits of change (i.e., jk and k L t simultaneously and hence provide the firm an incentive to expand its scale by increasing both factors of production. Alternatively, a firm may be increasing one input and decreasing the other input at the same time if shadow values move in opposite directions. Such a situation may arise due to a policy change affecting the relative price of the two factors of production or, due to a technology shock, changing the optimal share of the inputs to produce a certain level of output. But whether the adjustments of the input factors are made simultaneously or sequentially depends on the sign and size of the interrelated adjustment costs.
The analysis of firm-level capital and labor demand decisions is summarized in figure 1 . 9 The inaction area is bounded by A K and A L and ÀA K and ÀA
L
. This inaction is caused by the presence of the fixed adjustment costs, a K and a L , meaning that the shadow value of a new unit of capital (labor) has to move beyond the thresholds defining area I. In some cases marginal values for both factors exceed thresholds for sequential adjustment but not for joint adjustment. These are cases where marginal values exceed threshold levels A K and A L , but not B K and B
. The firm adjusts only the two factors of production simultaneously in the area indicated by III. These areas move further away from the origin if a KL increases, which leads to a decrease of the area where simultaneous adjustment occurs. In fact, higher interrelated adjustment costs, a KL , increase the distance between . This means that the net benefits of changes need to be significant before a firm chooses to change both input factors simultaneously.
To see the importance of the interrelated costs, it is helpful to determine what happens when a
In this case, the areas where only one type of change would take place, area II, would become much smaller. The do-both-changes area III would at the same time be larger. Thus, the presence of positive interrelated costs would increase the area where a firm would only involve itself in one type of investment activity at the time.
11 It is straightforward to show that the distance between the thresholds decreases as a K and a L increase:
and that lim
Lg. This means that in figure 1 , the area where the firm completely abstains from adjusting, area I, and the area where both factors are adjusted simultaneously, area III, tend to move closer to each other as the fixed costs become larger relative to the interrelated cost, a KL . Thus, large fixed costs will suppress the importance of interrelation for determining regimes of inaction.
The analysis also shows that a lumpy adjustment pattern may be caused by the existence of interrelated adjustment costs, and not by fixed adjustment costs for the factor itself. Suppose, for instance, that a L ¼ 0 and that a K > 0 and
Though in this case labor does not involve fixed costs, the firm will not always adjust labor when it invests (if jk
. Hence, labor adjustment may appear intermittent with a large number of observations equal to 0 even if it does not involve the firm incurring fixed costs for labor itself. Hamermesh (1993) and Abel and Eberly (1998) also argue that a variable factor can be subject to lumpy dynamics due to large adjustments of a lumpier factor. They note that nonconvex adjustment costs of a lumpy factor translate into large adjustments of a more flexible factor because of complementarities. Similar findings are obtained by Dixit (1997) and Eberly and Van Mieghem (1997) , who show that adjusting a less flexible factor always goes along with adjustment of a more flexible factor. However, a flexible factor may be adjusted on its own. These results indicate that adjustment costs of one factor have implications for the dynamics of other more flexible factors. The model developed above reveals that the cost of interrelation is an additional reason that more flexible factors like labor may exhibit intermittent patterns.
If a KL < 0, firms benefit from adjusting both input factors simultaneously. The above analysis can be applied to a large extent here as well. The main difference is that the choice between capital or labor adjustment as presented below equation (9) Figure 2 indicates that if the firm incurs lower adjustment costs because of simultaneous adjustment, area III, where this event occurs, becomes larger. If the cost advantage becomes larger (i.e., a KL decreases), then area III representing the situation that the firm changes both labor and capital moves in the direction of the origin of the figure. If a L þ a KL ¼ 0, the horizontal threshold at B L will lie at the horizontal axis of figure 2.
12 This means that if the firm invests, it will also change its labor force, that is, the area
, the firm will always invest as soon as it alters its number of workers because the vertical threshold at B K will hit the vertical axis of the figure and the area I ¼ 0; H 6 ¼ 0 vanishes. If both conditions a L þ a KL ¼ 0 and a K þ a KL ¼ 0 hold, the firm will always change the two factors of production at the same time. Differently from figure 1, there are no areas where the firm must decide between investments in two adjustments that are separately profitable but not jointly.
As in section IIIa, the distance between the thresholds decreases for larger fixed costs:
Furthermore lim
implies that the interrelation is less likely to be a main determinant of the boundaries of inaction regimes for factors that involve large fixed adjustment costs.
IV. Estimation of the Factor Input Model
The simulated method of moments (SMM) is employed to obtain estimates concerning the relevant structural parameters of the factor demand model. This technique allows 10 This is the case analyzed by Dixit (1997) . 11 The curved boundary in the upper right corner in figure 1 crosses the rectangular areas at A L ¼ A K and B L ¼ B K . This curve, corresponding to the right-hand side of equation (9)
is depicted where the curved boundary crosses the horizontal axis (i.e., where k
of equation (9) is convex, and the curved boundary crosses the vertical axis (i.e., where k
, the boundary determining whether to invest or adjust labor becomes a straight line. The three other curves in the figure are analogous to the one just discussed. 12 Cases where a L þ a KL < 0 and a K þ a KL < 0 are not considered in this paper.
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THE REVIEW OF ECONOMICS AND STATISTICS some of the parameters to be estimated; others are predefined to reduce the computational burden. In short, SMM aims at matching a number of sample moments. In an online appendix to the paper, details of the SMM estimation procedure are given.
A. Specifying the Model and Predefined Parameters
The literature on job creation and job destruction has shown that workers are separating in growing firms, that workers are hired in shrinking firms, and that there is excess worker flow relative to the numbers following from job creation and job destruction. These findings suggest that potential fixed costs of labor adjustments are associated with net changes. One way to deal with such findings is to allow for expansion of capacity by increasing the number of workplaces associated with fixed costs. 13 The model is estimated correspondingly using a specification that allows fixed costs of labor to be related to net changes in workplaces:
14 Inaction is thus related to net changes in labor: DL. The ongoing hiring is meant to maintain the firm's productive capacity, whereas net changes in labor will affect the output capacity.
The objective of the firm is to maximize the value of the firm given by equation (1). Before the model can be estimated, a number of its parameters need to be specified. When estimating the model, we assume the discount rate is b ¼ 0.95. This implies that the long-run interest rate is assumed to be close to 5%. In the model, sales for firm i at time t are given by
it . In the sales function, the superscript parameters are predetermined to reduce the complexity of the estimation problem. The derivation of this revenue function and the choice for its parameters are based on Bloom (2009) . 15 This specification can be obtained assuming that the production function is Cobb-Douglas and that demand is isoelastic. The stochastic variable A it captures both demand and productivity shocks. The parameter a it ¼ln(A it ) is assumed to follow an AR(1) process. In fact a it ¼ q Â a itÀ1 þ e it where jqj < 1 and e it $ N 0; r 2 ð Þ. Yearly wage costs w it per worker and the purchase price of investment p Iþ are normalized to 1.
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B. Selection of Moments
Most of the selected moments will be affected to some extent by all estimated parameters. Therefore, the motivation for the moments is built stepwise, relating subsets of 14 Note that this reformulation hardly affects the theoretical model. In fact, the equations remain the same, but the regimes at the extensive margin are now in terms of DL instead of H. At the intensive margin, adjustments are given by equation (5). 15 In the spirit of Cooper and Haltiwanger (2006) , a Cobb-Douglas production function was estimated after a log transformation and allowing for first-order serial correlation in the log of plant-specific productivity. The estimates were obtained by a nonlinear estimation routine using the Norwegian microdata employed in this paper. The estimated coefficients are consistent with the selection of the predefined parameters in the sales function. 16 The scaling of wages and the purchase price of investment do not affect the dynamics in the simulated samples and is hence innocuous. K and b L will also affect moments of serial correlation for investment and hiring and, indirectly, serial correlation of sales growth. It is well known that higher convex costs will make firms smooth their adjustments over time by penalizing large input adjustments, creating persistence in adjustments. Thus, the three serial correlations moments will identify r, b K , and b L in a model with convex adjustment costs. Given that these three parameters are identified, the standard deviations of Now, given that an identification strategy for b K and b L , r and s 2 is established, we expand both the set of parameters to be estimated and the set of moments that allows identification. One insight resulting from the theoretical model derived in section III is that with nonconvex adjustment costs, firms in some periods will abstain from adjusting factor inputs, resulting in inactivity. To identify such nonconvex adjustment costs, moments concerning the frequency of observations in regimes of inactivity can be exploited. To see that, consider figures 1 and 2. The regimes where ¼ 0-is added as a moment to disentangle the effect of a KL from a L and a K . The model allows for the presence of irreversible investment. If selling capital involves a resale loss, a firm has an incentive to avoid disinvestment and maintain the stock of capital in case of unfavorable business conditions. This yields a low frequency of negative investment. Hence, to be able to identify the resale loss, the frequency of observations where investment is negative, I t K t < 0, is included in the moment vector as well.
C. Measurement Error
In the empirical sample, both the stock of labor and the stock of capital are subject to measurement error. To replicate potential biases in the empirical moments, the simulated data are subjected to stochastic shocks mimicking measurement error in the actual data. In the simulation routine, it is assumed that the rate of investment I t K t is given by the product of the optimal investment rate
given by the simulation routine and an i.i.d. log-normally distributed random term e e t where e t $ N 0; r 2 I À Á :
There are two reasons for adopting a multiplicative measurement error structure. First, in the real data, the stock of capital is more likely to be subject to error than the actual amount invested. The capital stock variable is constructed using the perpetual inventory method after having selected an initial stock of capital, together with an assumption regarding the depreciation rate. Investment, on the other hand, is a directly reported number in the data. Given that the investment rate is a product of two variables, with one component likely to have a larger measurement error relative to the other, the measurement error of this product is more accurately depicted by a multiplicative component. Second, with a multiplicative measurement error, the sign of the investment rate, which is determined by the numerator, will be preserved. Furthermore, multiplicative errors do not affect the proportions of inaction regimes. Even small additive errors to the simulated investment and hiring rates would greatly distort these simulated regime proportions and therefore cause problems in matching moments related to frequencies of observations in inaction regimes. For tractability and symmetry reasons, measurement error in the hiring rate is modeled correspondingly. It is assumed that These moments are a function of the standard deviations of the investment rate and the hiring rate and hence are affected by measurement error.
As an additional precautionary step to avoid biases in the data and simulated moments, second-order correlations of 
D. Plant-Specific Heterogeneity
The parameters to be estimated in this model will in part be identified by matching patterns of serial correlation. Such patterns could, however, exist due to persistent unobserved firm-level differences. Ignoring such heterogeneity could lead to erroneous estimates of both convex and fixed costs. For example, firm-level differences in depreciation rates will mean that some firms continue investing to maintain their capital stock. This will cause patterns of serial 17 In a frictionless version of the model developed in this paper, the serial correlations of investment and hiring rates depend on only r and are negative, whereas the serial correlation for sales growth is positive. The variances of investment and hiring rates are driven by the variance of the shock process s 2 and the degree of persistence r. The derivations are available as supplementary material.
18 For more detail, see the appendix.
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correlation in factor demand but will have a limited effect on sales growth patterns. Therefore, heterogeneity in depreciation rates is introduced to control for persistent differences between plants. Differences in the value of fixed capital assets used up during one period may stem from variation in demand or differences in managerial talent. Also, the composition of the stock of equipment may differ. If such differences exist and if each type of capital depreciates at another rate, then the depreciation rate of the aggregated equipment capital is heterogeneous (see also Adams, 1999) . Furthermore, quit rates of workers are also likely to vary across firms. Empirical evidence suggests that quit rates contain a sectoral component (Stoikov & Raimon, 1998; Lane, Stevens, & Burgess, 1996) , and job satisfaction has been shown to affect such rates as well (Clark, 2001) . The heterogeneous depreciation rates are implemented in a rather simple way. There is a high and a low depreciation rate and the simulated firms are randomly assigned to be either a high-depreciation or a low-depreciation firm for both inputs. To keep the estimation tractable, it is assumed that within a plant, labor and capital depreciate at the same rate:
This seems consistent with introspective evidence that firms with new and often modernized technology, implying a high depreciation rate, also have to upgrade their labor stock more frequently. In mature industries with standard and well-known technology, the turnover in the labor stock is lower. Across firms, these rates may vary. In fact,
d, where the mean d ¼ 0:10 and the probability to be assigned one of these two values is ½.
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The parameters that still need to be estimated are reflecting properties of the adjustment cost function, b
Iþ , of the stochastic process (r and s), and of the measurement error (r I and r H ).
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V. Data
The empirical evidence in this work is based on plantlevel information from Norway for plants in the manufacturing industry and covering the period 1993 to 2005. The data are collected by Statistics Norway. Focusing on manufacturing gives access to detailed information about production and production costs, together with detailed information about investment and employment. Inclusion is restricted to plants with ten or more employees.
21 All auxiliary units that do not take part directly in production are excluded, such as separate storage and office units. Plants of which the central or local governments own more than 50% of the equity are also excluded from the sample, as well as observations that are reported as ''copied from previous year'' as this means that a data entry is missing. Investment, I t , is defined as purchases minus sales of fixed capital. Expenditures related to repairs of existing capital goods are excluded from the definition of investment. In the analysis, equipment includes machinery, office furniture, fittings and fixtures, and other transport equipment, excluding cars and trucks. Employment, L t , is measured as number of employees, measured as an average over five selected months (February, April, June, September, and November). 22 Net change in employment is simply defined as DL t : L tþ1 À L t . From equation (3) it follows that hiring is defined as
is set at 0.10 in the construction of the hiring rate in the Norwegian microdata. Output, Y t , is defined as the value of gross production, measured as sales of own produced goods corrected for inventory changes (1,000 NOK in 1996 prices). Capital stock, K t , was built up using the perpetual inventory formula, using information about initial capital stock and net investments. 23 The first three periods for each plant are used to proxy the initial stock of capital, as explained in the appendix. For computational convenience, the sample is limited to a balanced panel of plants that report the complete time series of the period 1996 to 2005. This gives 1,794 establishments with a total of 17,940 observations.
Although a lot of observations are excluded on account of the restrictions applied to obtain the final data set, the sample includes about 40% of the workers in the Norwegian manufacturing industry. The average firm in the sample employs approximately 76 individuals, L (SD 122 workers). In 1996 prices, the average stock of capital, K, is about 68 million NOK (SD 211 million NOK), or 9.2 million euros. This reflects that in manufacturing industries, firms are relatively capital intensive. Sales, Y, are on average 140 million NOK (SD 529 million NOK) or 9 million euros. The mean investment rate, I/K, is 0.096 (SD 0.171). The average hiring rate, H/L, is 0.112 (SD 0.169). The moments being used to identify the parameters of the model are given in the last column of table A1 in the table appendix. Table 1 shows the distribution of the investment and labor adjustment rates across the various action and inaction regimes. Both labor and capital are characterized by inaction, defined as an adjustment rate smaller than 0.02 in absolute size in a substantial number of cases, as one would expect if nonconvex adjustment costs are relevant. Very few instances of negative investment are observed, indicat- 19 Various experiments with other values for the discount rates and other probabilities for being selected in a class with one of these values have shown that the results are not affected qualitatively. 20 Due to a lack of proper moments to identify the parameters related to linear adjustment costs associated with hiring captured by p H t in equation (2), these are set equal to 0.
21 Some data might be available for smaller plants also. Note, however, that these observations may be associated with measurement errors since some of the information from these types of plants often are imputed by Statistics Norway. For the purpose of this paper, it should not be critical; rather, on the contrary. For these smaller plants, it would be very hard to disentangle the effects of indivisibility from the effects caused by nonconvex adjustment costs. 22 In the manufacturing industry most workers (92%) are working full time in the sample period. As a result, employment changes capture well the fluctuations of the labor input.
23 Nominal values are deflated using a producer price index.
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ing that irreversibility plays an important role in capital adjustments. Net hiring rates can be both positive and negative, and these events are represented by similar data frequencies. Both factors remain unchanged in 6.5% of the data points. Either labor or capital is adjusted in approximately 28% of the cases. It is apparent that relatively many observations (about 66%) are characterized by joint adjustment, which may be explained by reduced costs of simultaneous adjustment.
24
VI. Results
Column 1 of table 2 depicts estimates of the full model. This model allows for plant-specific heterogeneity by including stochastic depreciation rates. Standard errors are presented in parentheses. These results indicate that convex adjustment costs associated with labor, as well as fixed costs for both inputs, play a role in the dynamics of firm factor demand in line with other studies in this field. 25 Most interesting is the sign of the interrelated cost parameter a KL . This parameter is negative. Thus, firms have an economic incentive to adjust both factors simultaneously to reduce the costs associated with changing the factor levels. The model performs relatively well, as seen from the J-statistic reflecting that the empirical moments are matched in most instances.
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To see whether the inclusion or exclusion of the interrelated costs parameter in the model is important, the parameter a KL is set to be 0 and the model is reestimated. Comparing the J-statistics of columns 2 and 1 indicates that the model disregarding the fixed cost of interrelation is rejected (critical value w 2 (1) ¼ 6.63 at 1%). Thus, interrelated costs should not be ignored. Furthermore, exclusion seems to affect the magnitude of the fixed adjustment cost of capital and the resale loss. Both are much lower when interrelation is disregarded.
The estimates in column 1 also reveal that convex adjustment costs related to capital are small, though the resale loss is large: about 50%. In this respect, Bloom (2009) finds similar results. Column 3 depicts estimates assuming that the resale loss is absent. Clearly, the J-statistic (J ¼ 739.9) indicates that this restriction largely distorts the performance of the model. It is interesting, though, that in this version of the model, the convex cost of capital is large. Apparently omitting the resale loss affects the moments that are central to the identification of the convex cost of capital parameter.
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In columns 4 and 5, estimates for single-demand models are given, and hence adjustment costs for one input factor only are provided. A single-factor model is likely to produce biased estimates for the adjustment costs, because this approach will affect the dynamics of the factor demand and production of the plants. Usually in the investment literature, it is assumed that labor demand is flexible and that adjustments of capital come prior to adjustments in labor. To make the results comparable to those existing in the literature, the model is estimated where adjustment costs for labor are ignored. The estimates in column 4 reveal that a K and the resale loss become smaller compared to those in column 1. Abstracting from adjustment costs for labor implies that sample moments have to be matched by the remaining parameters of the model. The results in column 4 reveal that such a misspecification will cause biased estimates. Also the J-statistic deteriorates dramatically. From this, it is concluded that in order to estimate models of investment, it is important to account for the dynamics of labor.
In column 5, estimates for the model are provided assuming that adjustment costs for investment are absent. For such a modeling strategy, the arguments given in the literature are that capital is adjusted before the employment decision and hence capital is predetermined. Comparing columns 1 and 5, it appears that the convex adjustment costs for labor are smaller and the fixed adjustment cost, a L , is substantially smaller in the single-demand factor model for labor. Again the performance of this single-demand factor model as given by the J-statistic (J ¼ 3329.6) is quite poor.
These latter results reported in columns 4 and 5 help to illustrate that ignoring one factor produces biases for both the single-demand model for capital and for labor. When estimating a single-demand model, the parameters of the nonconvex costs and resale loss are always biased. For the labor adjustment model, we find also that the convex costs are performing worse compared to those of the two-factor model reported in column 1. Bloom (2009) suggests that a The table presents the distribution of observed adjustments across regimes. Inaction is here defined as any adjustment rate smaller than 0.02 in absolute size, which corresponds to the definition used in the moment comparisons. For comparison, the frequencies of actual zeros are 0.113 and 0.154 for capital and labor, respectively.
24 Various alternatives to the definition of inaction have been tried as a robustness check. Of course the frequencies in the regimes depicted in table 1 change, but the parameter estimates of the model are hardly affected. 25 In the lower part of the table, the shock process parameters are reported. The shock process parameters, r and s, are significant in column 1 and in the remaining columns. The table appendix presents the sample data moments and the moments of the simulated data. 26 The J-statistic has a w 2 distribution where the degrees of freedom are determined by the number of moments being matched minus the number of parameters estimated. Though compared to similar studies, the J-statistics reported in table 1 are low and thus satisfactory, the numbers imply that all specifications are rejected. 27 The large degree of irreversibility of capital investment may also hint at asymmetry in fixed adjustment costs related to capital not captured by the model.
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single-factor demand model for capital is not so harmful, whereas for labor, disregarding capital is detrimental. The findings reported here suggest that both single-factor demand models are yielding inaccurate estimates of the shape parameters of the adjustment costs function. The results mentioned in column 6 differ from the former model specification in column 1 only by abstracting from plant-specific depreciation rates. Comparing the J-statistics of these columns, 192.0 and 61.4, respectively, it appears that the model with plant-specific heterogeneity performs better. As a result, the model with stochastic depreciation rates in column 1 is preferred. Note that in this specification of the model, without persistent heterogeneity, the convex cost of capital becomes larger, though insignificant, and the resale loss drops dramatically. These findings are in line with those of Cooper and Haltiwanger (2006) , who find significant convex adjustment costs related to capital and a very small resale loss, without controlling for persistent heterogeneity across firms. However, they do not take into account measurement error. Excluding measurement error from estimating the model is inappropriate according to the research presented in table 2. Column 7 presents results where correcting for measurement errors is absent and r I and r H are set equal to 0. The J-statistic of 739.3 shows this assumption is harmful in terms of the model's ability to match the empirical moments. In addition, many estimates of adjustment cost parameters are affected. In particular, it is worth noting that now, convex costs of adjusting capital become large, whereas in all previous specifications, these costs were small or even absent. Therefore, correcting for measurement error is important to obtain valid estimates of these convex costs. Note also that Bloom (2009) accounts for measurement error and plant-specific heterogeneity and that he obtains similar results as depicted in column 1. Erickson and Whited (2000) also illustrate the importance of measurement error in investment models. However, they abstract from estimating nonconvex adjustment costs components and report estimates consistent with significant convex adjustment costs for capital. This latter observation reveals that a full specification of the interrelated nonconvex adjustment costs is needed to obtain unbiased estimates of shape parameters of the adjustment costs function.
In column 8 results are depicted where all fixed costs are related to gross flows. The estimates of fixed costs associated with gross hiring are 0. This finding reflects that most firms hire most of the time to maintain production capacity by compensating for workers leaving the firm voluntarily. From this, it can be concluded that fixed costs of adjusting labor are related to net changes alone.
So far, only the magnitude of the coefficients has been discussed. However, it is worthwhile to determine the magnitude of the adjustment costs in relation to the wage bill of the firm. With this information, it is possible to understand the main determinants of factor demand. These results are reported in table 3. The various columns in table 3 correspond to the estimates provided in table 1, columns 1 to 8. The results in table 3 depict the costs relative to the mean total wage bill, w Â L-yearly wages multiplied by the mean number of workers in the simulated data. First, note that all numbers are smaller than 1. This means that all cost components are smaller than the total wage expenditures. The broad picture is that total adjustment costs for capital are much larger than the ones for labor: The table presents parameter estimates for eight model specifications. In columns 1-7, fixed costs of labor adjustments are associated with net flows, while fixed labor costs in column 8 are related to gross flows. The specification in column 2 allows no costs (positive or negative) of interrelation. The model in column 3 assumes no resale loss for capital. In column 4, the model specification assumes no labor adjustment costs, while column 5 assumes no capital adjustment costs. Column 6 presents estimates without controlling for measurement error. All specifications assume plant-specific depreciation rates except column 7. Standard errors are given in parentheses. Table A1 gives corresponding simulation moments.
SEQUENTIALITY VERSUS SIMULTANEITY
Fixed costs are larger than convex costs for both input factors. Furthermore, there is a gain of doing simultaneous adjustments: a KL < 0. The estimated benefits of simultaneous adjustment are such that if a firm faces conditions favoring labor adjustment, the firm should consider net changes in labor at the same time as investment. For the specification in column 1, it turns out the firm can save about 31% of the total adjustment costs of labor (À0.0005/ (0.0007 þ 0.0009)) by adjusting simultaneously. The economic significance of the a KL estimate might be considered minor relative to capital fixed costs, but it appears to be an important parameter in labor adjustment decisions. In fact, if the conditions are such that capital adjustment should be considered, simultaneous adjustments of labor would not affect the adjustment costs that much. The savings of simultaneous adjustment are about 3% of the adjustment costs related to investment (À0.0005/(0.0000 þ 0.0186)). Table 4 presents evidence on what happens with the value of the firm as given by equation 1 once an adjustment cost component is set equal to 0 and all other parameters are held constant. Each cell in the table presents the proportional increase of the mean value of the firm in the simulated data set when disregarding the corresponding adjustment cost term. Firm value improves by about 2%, 3%, and 6% if convex costs related to hiring, fixed costs related to capital, and the resale loss would be absent, respectively. These costs have a substantial effect on firm value. The results also indicate that if one can abstract from fixed cost of labor adjustment and the cost of interrelation firm value increases, but the benefits are relatively small. If the benefits of simultaneous adjustment of capital and labor disappear, firm value also increases. This may be counterintuitive at first sight, but if these benefits are absent, the firm's timing flexibility concerning changes improves. In that case, the decision concerning sequential or simultaneous interrelated factor inputs is not important and the firm faces more flexibility in optimally adjusting its productive factor inputs.
VII. Conclusion
This paper presents a structural model describing the joint determination of labor and capital adjustment by a firm. According to the model, a firm has an incentive to adjust input factors sequentially if it is costly to adjust two factors of production at the same time. On the contrary, the firm is inclined to adjust simultaneously if there are cost advantages of doing so.
Norwegian plant-level data concerning the manufacturing industry in the period 1993 to 2005 are used to estimate the parameters of the model. The simulated method-ofmoments estimates reveal that significant cost advantages of simultaneous adjustments are found. Thus, the results indicate that changing the number of workplaces and investments simultaneously is financially attractive compared to a sequential strategy.
The relative cost advantage related to simultaneous adjustment of capital and of the number of workplaces is 
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THE REVIEW OF ECONOMICS AND STATISTICS 3% for capital investments and 31% labor demand. In addition to the benefits of this simultaneity, the structural parameter estimates underline the fact found in earlier studies that adjustment costs for capital exceed those of labor. The empirical results imply that factor demand models with fully specified interrelated nonconvex adjustment cost structures outperform all other specifications of dynamic factor input models. This table compares simulation moments for all eight specifications in table 2 with sample moments. corr(.) denotes correlation coefficients, std(.) denotes standard deviations, freq(.) denotes sample proportions, and skew(.) denotes skewness coefficients. Labor fixed costs are related to net flows in columns 1-7 and gross flows in column 8. Thus, frequency moments related to gross labor flows are omitted from columns 1-7, while frequency moments related to net flows are omitted from column 8. 
